Indian border, Nawalparasi district extends northward across Narayani River (one of the major river 204 of Nepal) alluvium then across the low gradient fan of locally derived alluvium and finally into the 205
Himalayan foothill (also known as Churia hills) (Hagen 1969 fine-grained (micrometric) sediments in the Narayani basin. They distinguished light-grey to dark 228 grey sands; grey, greenish-grey to brown-grey and yellow-brown silts; and light-grey to black-grey, 229 yellow-brown and black clay with occasional gravel layers. Macroscopic observations showed that 230 on average, the drilled sediments are composed of 33 % of silts; 30 % of grey to black clays, 27 % of 231 brown clay, 9 % of fine-grained silt and sand and less than 1 % of calcrete. Sands, silt and clay 232 sediments often contained micas that were occasionally massive to laminated, bioturbated, and/or 233 also containing roots and plant debris. Binocular observations show that the detrital minerals in the 234 silt fraction are dominated by quartz, biotite, muscovite, K-feldspar, calcite and dolomite as major 235 phases and garnet, zircon, and monazite as heavy minerals. In the region of provenance of the 236 Arsenic is unique among the heavy metalloids and oxy-anion forming elements. Its sensitivity to 367 mobilisation largely depends on the pH values typically found in groundwater (pH 6.5-8.5) under 368 both oxidizing and reducing conditions. The valency and species of inorganic arsenic highly 369 dependent on the redox conditions (E h ) and the pH of the groundwater. Arsenite, the reducedconditions). In general, inorganic arsenic species are more toxic than organic forms of arsenic for 373 (Shrestha et al., 2004a) . The 3-Gagri filter is a water container made of copper, 539 brass, steel, tin, and or clay pot. The Three-Gagri Filter unit consists of three clay pots staggered 540 vertically with a 1 cm in diameter hole in the bottom of the middle and top filters. The top and 541 middle filters work as a reactor, and the bottom filter stores the treated water. The top filter contains 542 the following, from bottom to top: a layer of polyester cloth, 3 kg of iron nails (3 cm depth), 2 kg of 543 coarse sand (4 cm depth) and raw water. The middle filter contains the following from bottom to top: 544 a layer of polyester cloth, about 50 kg of brickbats, 2 kg of fine sand (3.5 cm depth), 1 kg of charcoal 545 (6 cm depth), 2 kg of brickbats (3 cm depth), and filtered water from the top filter. This filter could 546 remove 95-99% of arsenic but there were problem with high iron in treated water and filter clogging 547 due to bacterial growth. This filter was quickly replaced by arsenic biosand filter (Neku and 548
Thandukar (2003); Thakur et al. (2011)). 549 550

Kanchan filters 551 552
These iron-assisted bio-sand filters were constructed on the basis of arsenic removal from water 553 using zero-valent iron (ZVI) media. Under conditions applicable to drinking water treatment, 554 arsenate removal by zero-valent iron media involves surface complexation only and does not involve 555 reduction to metallic arsenic. Under the pH and redox conditions of most groundwaters and surface 556 waters, dissolved arsenic exists as the As(V) (arsenate) species, H 2 AsO 4 -and HAsO 4 2-, and the 557 As(III) (arsenite) species, H 3 AsO 3 0 and H 2 AsO 3 -. Removal of arsenic occurs through adsorption and 558 coprecipitation during the formation of iron(III) hydroxides. However, acceptable levels of removal 559 are achieved only when there is a filtration step to remove colloidal arsenic (Farrell et al., 2001) . 560
Greater attention is required for the removal of As(III) from groundwater due to its higher toxicity 561 and mobility, which mainly arise from its neutral state (H 3 AsO 3 0 ) in groundwater as compared to the 562 charged As(V) species (H 2 AsO 4 -and HAsO 4 2-), which predominate near pH 6−9. The As(III) 563 removal mechanism is mainly due to spontaneous adsorption and coprecipitation of As(III) with 564 iron(II) and iron(III) oxides/hydroxides, which form in-situ during ZVI oxidation (corrosion). 565
Heterogeneous reactions at the corroding ZVI surface are complex and result in a variety of potential 566 adsorption surfaces for As(III) and As(V). Evidence has been presented showing that As(III) can be 567 removed by adsorption on NZVI (nonoscale zero valent iron) in a very short time (minute scale) and 568 is strongly adsorbed on NZVI over a wide range of pH and anion environments (Kanel et al., 2005) . 569
Investigations by Neumann et al. (2013) regarding the SONO household filters used in Bangladesh 570
(an other version of an iron-assisted bio-sand filter) showed that over 95% of the As passing the topD r a f t incorporation into solids formed during the corrosion of ZVI. The continued presence of dissolvedcontained large fractions of As in amorphous or poorly crystalline phases, magnetite was dominant in 575 older CIM, consistent with an invariably deep black color. The transformation of As-rich 576 Fe(III)(hydr)oxides into magnetite is important for two reasons: (i) the much denser magnetite does 577 not lead to clogging of the filter and (ii) magnetite is more stable toward dissolution than freshly 578 formed amorphous phases and leaches less As during milder extraction steps. Leaching tests with 579 spent CIM in a previous study have shown very low remobilization of As, rendering used CIM 580 nonhazardous. Because As is removed predominantly in the CIM, the other filter components such as 581 sand, brick chips, and the plastic components can be disposed without special care. 582 As this system has a high flow rate of 30 litres per hour, the bio-sand filter has become in high 591 demand in communities, not only for arsenic removal, but also due to higher flow rate. Field test 592
showed that this filter removes more than 95% arsenic on average and up to 99% in some cases 593 (NRCS-ENPHO (2003); Ngai and Walewijk, 2003) . The filter also removes high levels of iron -upD r a f t compared to the original water source. In the KAF, non-galvanized iron nails are exposed to air andcontaining water is poured into the filter, arsenic is rapidly adsorbed onto the surface of the ferric 610 hydroxide. This mechanism is similar to arsenic adsorption on zero-valent iron and arsenic 611 adsorption on hydrous ferric oxides. Some arsenic-loaded iron particles in the KAF are flushed on to 612 the sand layer below, and are trapped in the top few centimeters of the fine sand due to straining. As 613 ferric hydroxide particles "exfoliate" from the iron nails, new iron surfaces are created, providing 614 additional arsenic adsorption capacity. A Kathmandu university study found that iron and arsenic do 615 not migrate through the sand media over time (Ngai et al. 2007 ). The filter container can be 616 constructed out of concrete or plastic. The container is about 0.9 m tall 0.3 m in diameter (Fig. 2) . 617
The container is filled with layers of sieved and washed sand and gravel. There is a standing water 618 
